Abstract-In this paper, we investigate the issue of pseudo noise (PN) code acquisition in single-carrier and multicarrier (MC) direct-sequence code-division multiple-access (DS-CDMA) systems, when the channel is modeled by frequency-selective Nakagamifading. The PN code acquisition performance of single-carrier and MC DS-CDMA systems is analyzed and compared when communicating over Nakagami-fading channels under the hypothesis of multiple synchronous states ( 1 cells) in the uncertainty region of the PN code. In the context of MC DS-CDMA, the code acquisition performance is evaluated, when the correlator outputs of the subcarriers associated with the same phase of the local PN code replica are noncoherently combined by using equal gain combining (EGC) or selection combining (SC) schemes. The performance comparison of the above mentioned schemes shows that the code acquisition performance of the MC DS-CDMA scheme, especially when using the EGC scheme, is more robust, than that of single-carrier DS-CDMA schemes communicating over the multipath Nakagami-fading channels encountered. However, our code acquisition performance comparison also shows that if the detection threshold was set inappropriately, the performance might be degraded, even if the channel fading becomes less severe.
I. INTRODUCTION
P SEUDO noise (PN) code synchronization is the necessary first step in the receiver of direct-sequence code division multiple-access (DS-CDMA) systems, since data demodulation becomes possible only after code synchronization was established. Code synchronization is usually achieved in two steps: code acquisition for coarse code alignment and code phase tracking for fine alignment [1] . The focus of this paper is on initial code acquisition.
The code acquisition problem has attracted considerable research in recent years (see [2] - [15] and the references therein). The performance of code acquisition systems has been widely investigated over additive white Gaussian noise (AWGN) channels [5] - [10] and frequency nonselective, as well as frequency-selective Rayleigh or Rician fading channels Manuscript received June 27, 2000; revised April 21, 2001 and February 20, 2002 ; accepted June 5, 2002 . The editor coordinating the review of this paper and approving it for publication is C. Tellambura. This work was carried out in the framework of the IST project IST-1999-12070 TRUST, which is supported in part by the European Union.
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Digital Object Identifier 10.1109/TWC.2002.804161 [7] - [15] , respectively. A more general fading channel model, which is often used in the literature for characterizing the fading statistics in a digital mobile-radio channel, is the Nakagamidistribution [16] . This model is versatile and often fits the experimental data generated in a variety of fading environments-including urban as well as indoor radio propagation channels at a higher confidence level-than the Rayleigh and Rice distributions [17] , [19] . Moreover, the Nakagamidistribution function models a continuous transition from a Rayleigh fading channel to a Gaussian channel by varying a single parameter, namely , from one to infinity [16] . Recently, the Nakagami fading channel model has been widely employed for the analysis of the error probability performance in wireless communication systems using different modulation schemes and with or without DS spreading [18] . However, in the context of initial synchronization, despite the above-mentioned advantages provided by the Nakagami-distribution, the Nakagami fading channel model so far has not been invoked for the analysis of the initial synchronization performance of serial acquisition-assisted CDMA systems. Our goal in this paper, therefore, is to quantify the performance of a serial search acquisition scheme over Nakagamifading channels, under the hypothesis that there are multiple synchronous states ( cells) in the uncertainty region of the PN code [13] . Specifically, the acquisition performance of a serial search acquisition scheme is evaluated and compared for both single-carrier DS-CDMA systems and multicarrier DS-CDMA (MC DS-CDMA) systems, since MC DS-CDMA transmission schemes have been proposed, in order to achieve further advantages in terms of bandwidth efficiency, frequency diversity, reduced complexity parallel signal processing, and interference rejection capability in high data-rate transmissions [20] , [23] - [26] . The parallel code acquisition performance of a MC DS-CDMA system has been investigated in [10] , when each subcarrier signal is modeled as nonfading or flat Rayleigh fading, and with or without partial interference. In a MC DS-CDMA system considered in [24] , the transmitted data bits are serial-to-parallel converted to a number of parallel streams and each stream is transmitted on a separate subcarrier, as portrayed in Fig. 1 . In contrast to the MC DS-CDMA scheme considered in [10] -where each subcarrier's signal was subjected to frequency-nonselective fading-in the MC DS-CDMA system considered here, frequency-selective fading may be encountered by the signals transmitted over a given subcarrier [24] , which consequently results in multiple so-called cells in the uncertainty region of the PN code and in the so-called multiple cell hypothesis [13] . However, since in many CDMA systems the transmitter aids the initial acquisition by transmitting the phase-coded carrier signal without data modulation, consequently, in a MC DS-CDMA scenario, the outputs of the noncoherent subcarrier correlators associated with the same phase of the local PN code replica can be combined, as shown in [10] . Hence, in our analysis, as in [10] , noncoherent equal gain combining (EGC) and selection combining (SC) schemes are investigated and their performance is compared to that of the equivalent single-carrier DS-CDMA scheme over frequency-selective Nakagamifading channels. The remainder of this paper is organized as follows. In Section II, the MC DS-CDMA system is analyzed as well as the Nakagami-fading channel model are described in more detail. Section III describes the serial search acquisition scheme as well as the equation quantifying the mean acquisition time.
In Section IV, we analyze the statistics of the decision variables associated with both the EGC and SC schemes, while in Section V, we derive the overall miss probability and the false alarm probability. Our numerical results and comparisons are outlined in Section VI, and finally, our conclusions are offered in Section VII.
II. SYSTEM DESCRIPTION
The transmitter schematic of the th user is shown in Fig. 1 for the MC DS-CDMA system considered, which can be viewed as the simplified transmitter schematic of the MC DS-CDMA schemes studied in [20] , [23] - [26] . For the MC DS-CDMA system using serial-to-parallel conversion [23] , [24] , the transmitted signal of user can be expressed as (1) where represents the transmitted power of the MC DS-CDMA signal, while , and represent the data stream, the DS spreading waveform, the subcarrier frequency set and the phase angles introduced in the carrier modulation process. The data stream's waveform consists of a sequence of mutually independent rectangular pulses of duration and of amplitude or with equal probability, where represents the bit duration of the binary data before serial-to-parallel conversion. The spreading sequence denotes the signature sequence waveform of the th user, where assumes values of or with equal probability, while is the rectangular chip waveform, which is defined over the interval . Let be the spreading gain of the subcarrier signals in the generalized MC DS-CDMA system and be the spreading gain of a corresponding single-carrier DS-CDMA system, where represents the chip duration of the corresponding single-carrier DS-CDMA signal. In the following analysis-for the sake of simplicity-we assume that there exists no spectral overlap between the spectral main-lobes of two adjacent subcarriers in the MC DS-CDMA system. Moreover, we assume that each subcarrier signal occupies an equal bandwidth and the total system bandwidth is evenly divided among the number of subcarriers. Hence, we have or and , since . Based on the above assumption, we can infer that both the MC and the corresponding single-carrier DS-CDMA system have the same information rate of and the same system bandwidth of , which allows their direct comparison in the forthcoming discourse.
We assume that the channel between the th transmitter and the corresponding receiver is a multipath Nakagami-fading channel [16] , that the system supports users and that all users have the same number of subcarriers, namely . Moreover, we assume that the first user is the one that requires initial synchronization, while the other users are synchronized and reached the data transmission stage. Furthermore, we assume that all users have the same average received power. Consequently, when signals obeying the form of (1) are transmitted over the multipath Nakagami-fading channels, the received signal at the base station can be expressed as (2) where is due to the carrier modulation and the fading channel, represents the AWGN with zero mean and double-sided power spectral density of . Moreover, the multipath attenuations in (2) are independent Nakagami random variables with a probability density function (PDF) of [16] and [18] ( 3) where is the gamma function [27] , is the Nakagami-fading parameter, while in (3) is the second moment of . We assume a negative exponentially decaying multipath intensity profile (MIP) distribution given by , where is the average signal strength corresponding to the first resolvable path and is the rate of average power decay. For more detailed information concerning the Nakagami distribution, readers are referred to the excellent contribution by Simon and Alouini [18] . 
III. SERIAL SEARCH ACQUISITION
The block diagram of the serial search mode and the detection mode designed for the MC DS-CDMA system is shown in Fig. 2 . The received signal is first down converted into in-phase (I) and quadrature (Q) components associated with each subcarrier. Let us assume that the search step size is . For each subcarrier a pair of I-Q correlators perform correlation between the locally generated PN sequence and the I as well as the Q baseband signals in Fig. 2 , while integration takes place over the interval dwell time of seconds. The outputs of the I-Q correlators are then squared and summed, in order to generate the output variable in Fig. 2 . We assume that the transmitter aids the initial synchronization by transmitting the phase-coded carrier signal without data modulation at the commencement of each transmission. In the MC DS-CDMA acquisition scheme of Fig. 2 , since all subcarriers employ the same spreading code, as shown in Fig. 1 , and since we have assumed that no data modulation is imposed during the acquisition stage, the outputs of the noncoherent subcarrier correlators seen in Fig. 2 and associated with the same phase of the local despreading code can be combined. Again, in this contribution two noncoherent combining schemes-namely EGC and SC-will be investigated. Let be the output of the combiner of Fig. 2 , which represents the decision variable. Let in Fig. 2 be a decision threshold. Then, the search and detection mode can be described as follows. Whenever the decision variable exceeds the threshold , the system assumes that the corresponding delay of the locally generated PN sequence is the correct delay and proceeds to the verification mode. Otherwise, if does not exceed , the relative phase of the locally generated PN sequence is readjusted, in order to update the decision variable , and the above process is repeated. Note that, the verification mode is usually used to confirm a stronger decision concerning the correct delay assumed by the search mode [1] , an issue not analyzed in this paper.
The generalized asymptotic equation for the mean acquisition time of serial search acquisition schemes has been given in [13] and [15] , which can be expressed as (4) where represents the total number of states in the uncertainty region of the PN sequence, represents the false alarm probability of an asynchronous state ( cell), while represents the "penalty time" associated with noticing that there is a false alarm and with re-entering the search mode. Furthermore, represents the overall miss probability of the search mode, i.e., that of the event, when none of the correctly synchronized phases have been found during the tests over the whole uncertainty region. Let us assume that there are cells in the total of number of states and that their corresponding detection probabilities are expressed as . Assuming that the test of each cell is an independent event, the overall miss probability is defined as (5) Having described the search and detection mode as well as having given the equation quantifying the mean acquisition time, let us now derive the statistics of the decision variables.
IV. DECISION VARIABLE STATISTICS
The output variable of Fig. 2 matched to the subcarrier can be expressed as (6) where and , while is an integer. Let us assume that the pull-in range of the code tracking loop used is . We assume that acquisition has occurred, whenever of the reference user in (2) and its estimate obey the relationship of , while the PN sequence is not acquired, whenever this condition does not hold. Then, upon assuming that the Gaussian approximation of the multipath interference and that of the multiple access interference can be invoked, and following the analysis of [15] , it can be shown that both and can be approximated by Gaussian random variables having means given by and [15] -where the superscript of is deleted-if a cell is being tested, and zero, if a cell is being tested. Assuming that the MIP distribution given by is independent of the subcarrier index and of the user index , then, it can be shown that the variance for both and can be expressed as , where is the signal-to-noise ratio (SNR) per chip (SNR/chip), and is the chip energy, which remains constant for MC DS-CDMA schemes using different values of , but having the same transmission rate.
Let be the normalized output of the th subcarrier associated with the th phase. It can be readily shown that conditioned on becomes chi-square distributed [27] with two degrees of freedom, and its PDF can be expressed as (7) if a cell is being tested, where (8) and (9), shown at the bottom of the page hold. Note that, for single-carrier DS-CDMA, in the above equation should be replaced by , since in this case is the number of chips within the integral dwell time . If a cell is being tested, then [27] (10)
Since are independent random variables obeying the Nakagami-distribution of (3), then, with the aid of (3) it can be shown that the PDF of defined in (8) can be expressed as (11)
A. Equal Gain Combining
For the MC DS-CDMA system using number of subcarriers and EGC the branches associated with the same phase of the local PN sequence are equally weighted and then added, in order to form the decision variables . As shown in Fig. 2 , can be expressed as (12) The PDF of associated with a cell or a cell can be readily derived following the philosophy of [22] , which can be expressed as: (13) (14) where is the confluent hypergeometric function, which is defined as , and [28] . However, for and has a very high value-the case in our analysis-which may result in an overflow in the corresponding numerical computations, hence it is usually difficult to achieve sufficient accuracy for the estimation of (13) . This predicament can be resolved by substituting the relationship of [28] into (13), yielding (15) which, for the cases considered in this paper, can be readily estimated using numerical approaches. 1 
B. Selection Combining
For a MC DS-CDMA scheme using number of subcarriers and SC-where the subcarrier signal having the largest amplitude is selected for detection-the decision variable is defined as (17) where are independent identically distributed (i.i.d.) random variables with the PDF characterized by (7), if a cell hypothesis is being tested, while by (10), if a cell hypothesis is being tested. Hence, for a cell the PDF of in (17) can be expressed after a number of manipulations as (18) 1 Since (0n) = 0, if n is a positive integer, then F (0n; b; x) is the sum of only a limited number of terms, which can be expressed as F (0n; b; x) = ((0n) x )=((b) k!). Therefore, if m is a positive integer, (15) consists of the sum of limited terms. (8) and (9) By contrast, if a cell hypothesis is being tested, the PDF of of (17) can be expressed after a number of manipulations as (19) Upon substituting the PDFs of (7) and (11) into the above equation, we obtain 2 (20) where (21) Furthermore, if
, it can be shown that , and (20) is reduced to (22) In this section, we have derived the statistics of the decision variables associated with both the EGC and SC schemes. With the aid of the PDFs derived in this section, in Section V, we derive the overall miss probability and the false alarm probability.
V. PROBABILITIES OF DETECTION AND FALSE ALARM
The overall miss probability is given by (5), where represents the detection probability of a cell, which will be derived in our forthcoming discourse, represents the number of cells in the uncertainty region to be searched. We have assumed that the pull-in range of a code tracking-loop is and the search step size is . We further assume that a hit occurred, whenever the phase difference between the incoming PN sequence and the locally generated PN sequence is within the pull-in range of the code tracking-loop. However, any other phase difference between the incoming PN sequence and the locally generated PN sequence not following the above condition is assumed to 2 The average in (19) , which is given by f (xjH ; ) f ( )d , can be derived from (15) by setting U = 1.
be associated with cells. It can be readily shown that each resolvable path will contribute two cells: if one occurred at , then the other one occurred at or at . Let the number of cells corresponding to the transmitted PN sequence be and the number of resolvable paths associated with each subcarrier be . Then, the total number of cells to be searched in the -tap dispersive fading channel is , and the number of cells is , where represents the maximum delay-spread of the -tap fading channels. Bearing these in mind, let us now derive the overall miss probability and the false alarm probability in the context of both the EGC and SC schemes.
A. EGC
In order to derive the overall miss probability, the detection probability of each cell must be first obtained. For EGC the detection probability of a cell can be expressed as (23) where represents the decision threshold, represents the detection probability of the cell associated with the th resolvable path, and is given by (13) or alternatively by (15) . Upon substituting (15) into the above equation, it can be shown that (24) If is a positive integer, we have and, therefore, (24) represents the sum of limit terms, which can be expressed as (25) Furthermore, if , (25) can be further simplified to (26) Since each resolvable path contributes two cells, as we discussed previously [15] , and since the average detection prob-ability in the context of these two cells is the same, according to (5) the overall miss probability of EGC can be expressed as (27) where is given by (24) , (25) , or (26) . According to the search and detection mode, the false alarm probability associated with a cell is defined as the probability of the event that the output decision variable corresponding to the cell exceeds the decision threshold, , which can be expressed as (28) where is given by (14) . Upon substituting (14) into (28), the false alarm probability of EGC can be expressed as (29) Finally, the mean acquisition time of the serial search mode for the MC DS-CDMA using EGC can be evaluated by substituting (27) and (28) and the other related parameters into (4).
B. Selection Combining
For SC the detection probability of a cell can be also expressed by (23) with given by (20) . Upon substituting (20) into (23) , the detection probability of can be expressed as
However, it seems that there exists no closed-form formula for the detection probability of (30), which can only be estimated hence relying upon a numerical approach. However, if , with the aid of (22), we have
The overall miss probability for SC can be expressed as in (27) with given by (30) or (31) for . The false alarm probability associated with the SC can be expressed as in (28) , with given by (18) . Upon substituting (18) into (28), we obtain that (32) Finally, the mean acquisition time of the serial search mode for the MC DS-CDMA system using SC can be evaluated by substituting (27) associated with (30), and (32) as well as the other related parameters into (4) .
So far, we have derived the equations required for computing the mean acquisition time of the MC DS-CDMA scheme associated with EGC and SC. For the single-carrier DS-CDMA benchmarker scheme, the mean acquisition time can also be computed from the corresponding equations of EGC or SC by setting . Specifically, by setting in (24) or (30), it can be shown that the detection probability with respect to the th resolvable path can be expressed as The overall miss probability of single-carrier DS-CDMA is given by (27) with given by (33), (34), or (35), and with in (27) replaced by . The false alarm probability of the single-carrier DS-CDMA benchmarker scheme can be derived from (29) or (32) by setting , yielding
Finally, the mean acquisition time of the serial search mode for the single-carrier DS-CDMA benchmarker can be evaluated by substituting (27) associated with (33), and (36) as well as the other related parameters into (4). Note that, for the same system bandwidth and the same transmitted energy per chip, since the bandwidth of the single-carrier DS-CDMA signal is a factor of higher, than that of the subcarrier signals in the MC DS-CDMA system using subcarriers, the PN sequence chip duration of the single-carrier DS-CDMA signals, , is a factor of lower, than that of the MC DS-CDMA signals, i.e.,
. Hence, for a fading channel having a delay spread of , the number of resolvable paths, , of the single-carrier DS-CDMA signals is at least a factor of higher, than the number of resolvable paths, , of the MC DS-CDMA signals. However, for a constant integral dwell time , as shown in Fig. 2 , the energy collected by the single-carrier DS-CDMA detector during the integral dwell time of is a factor of higher, than that collected by the MC DS-CDMA correlators, since the number of chips within the integral dwell time of for the single-carrier DS-CDMA is a factor of higher, than that for MC DS-CDMA. Bearing these relationships between the MC and single-carrier DS-CDMA systems in mind, let us now estimate and compare the code acquisition performance of the MC and single-carrier DS-CDMA systems.
VI. NUMERICAL RESULTS
In this section, the code acquisition performance of the singlecarrier and MC DS-CDMA systems were evaluated and compared in conjunction with EGC and SC. The performance comparison between the single-carrier DS-CDMA system and the MC DS-CDMA systems using different number of subcarriers is based on the assumptions that these systems support the same data rate and use the same total transmitted energy. In other words, the same data block is transmitted by the above CDMA systems within the same time duration using the same amount of energy. As an application for the serial search considered, we used a PN sequence of length 1023. Consequently, , which determined the length of the uncertainty region, was 2046, since the search step size was assumed to be half of the chip duration. We have assumed that the integral dwell time, , was the same for both the single-carrier and MC DS-CDMA systems, hence, it is convenient for us to consider the normalized mean acquisition time, which was derived from (4) divided by . All results were evaluated from (4), (25) , (27) , and (29) for EGC and from (4), (25) , (30), and (32) for SC, while from (4), (25) , (34), and (36) for single-carrier DS-CDMA. Note that, the system parameters were shown at the top of each figure. Fig. 3 shows the influence of the fading parameter and the number of subcarriers on the overall miss probability for both the EGC [ Fig. 3(a) ] and the SC [ Fig. 3(b) ] schemes, where the values of , and represent Rayleigh fading, Rician fading and near-AWGN channels, respectively. From the results, we observe that for both the EGC scheme of Fig. 3(a) and for the SC arrangement of Fig. 3(b) assuming a sufficiently high signal-to-noise ratio (SNR)/chip value, the overall miss probability decreases, when or increases. However, the reduction of the overall miss probability for the EGC scheme due to increasing is more significant, than that for the SC scheme. As seen in Fig. 3(b) , it is difficult to distinguish the curves for , when the SNR/chip is lower than 8 dB. By contrast, for the EGC scheme of Fig. 3(a) , we can obtain at least 2-dB gain over the whole range considered, when is increased from one to two, or from two to four, respectively.
In Fig. 4 , we evaluated and compared the overall miss probability versus the threshold performance of both the single-carrier and MC DS-CDMA systems for the Rayleigh fading, Rician fading and near-AWGN channels. As expected, the overall miss probability of both EGC and SC increases for a given value of and for a given value of , as the threshold, , increases. In addition to our observations in Fig. 3 with DS-CDMA schemes over multipath Nakagami-m fading channels using m = 1; 2; and 50.. respect to and , in Fig. 4 there exists a crossover point for the curves associated with , and for any given value of . It can be shown that for the threshold values to the left of the crossover point, the overall miss probability decreases, when the channel fading becomes less severe, i.e., when increasing the value of . However, for threshold values to the right of the crossover point, the overall miss probability increases, when the channel fading becomes less severe. From the results we notice furthermore that, for the EGC scheme, the crossover point moves to the right, when increasing the number of subcarriers combined, while for the SC scheme the crossover point changes insignificantly, when changing the number of subcarriers combined. It is clear from Fig. 5(a) and Fig. 5(b) that an inappropriate choice of the detection threshold can lead to severe increase of the mean acquisition time, but the sensitivity of the mean acquisition time to the threshold decreases, as the SNR/chip increases. For any given SNR/chip value there exists an optimal choice of the threshold , which minimizes the mean acquisition time. In addition, for any given threshold , the mean acquisition time decreases, as the SNR/chip increases, and finally can reach a residual value, which is essentially due to the "penalty time" associated with switching back to the search mode after a false alarm. This value can be computed from (4) by setting , resulting in . for a given value of , there is an optimal choice of the threshold , which leads to the minimum mean acquisition time. At the optimal value of , we notice that for the EGC scheme using the mean acquisition time performance is degraded, when increasing the value of , while for the EGC scheme using and the optimum threshold, the mean acquisition time performance is slightly improved, when increasing the value of . However, for the SC scheme and for any given , the mean acquisition time performance at the optimal value of is degraded slightly, when increasing the value of . Furthermore, if the value of the threshold is set inappropriately, the mean acquisition time will significantly increase, which is further aggravated upon increasing the value of for -values in excess of the optimum. Taking the EGC scheme of Fig. 6(a) as an example, this observation can be explained with the aid of (4), (29), and Fig. 4(a) as follows. According to (29), the false alarm probability is a constant for a given value of and for a given value of . Moreover, for the given values of , and , it can be shown from (4) that the mean acquisition time depends only on the overall miss probability, . The mean acquisition time increases, as the overall miss probability increases. According to Fig. 4(a) , for any given value of , there exists a crossover point, above which the overall miss probability increases, when increasing the value of , and below which the overall miss probability decreases upon increasing , respectively. Consequently, for a given value of , if the threshold is set lower than the crossover point, the mean acquisition time will decrease, when the value of increases. Conversely, if the threshold is set higher than the crossover point, the mean acquisition time will increase, when the value of increases. Furthermore, according to Fig. 4(a) , since the crossover point occurred at around the overall miss probability of and since in (4) the overall miss probability appears in the form of and , the reduction of due to increasing has little influence on these terms. Hence, the improvement of the mean acquisition time performance due to increasing is insignificant, as shown in Fig. 6(a) . However, threshold values higher than the crossover point may have significant influence on the terms of and , since in this range the overall miss probability is higher than . Consequently, in this -range, we observe that the mean acquisition time increases significantly, when increasing the value of . However, as we noticed in the context of Fig. 6(a) , the mean acquisition time performance of the EGC scheme is improved significantly and becomes more robust to the threshold for values in excess of the optimum, when more subcarrier signals are combined. However, in contrast to the EGC scheme, for the SC scheme the improvement of the mean acquisition time performance due to the increasing of the number of subcarriers is much less significant.
The effect of the average power decay rate, , of the multipath CIR on the mean acquisition time performance for both the EGC and SC schemes is shown in Fig. 7 . As shown in Fig. 7(a) and Fig. 7(b) , the mean acquisition time performance is improved, as increases from zero to one, implying a more rapidly decaying MIP.
Finally, in Fig. 8 , we evaluated and compared the overall miss probability versus the number of active users performance of both the single-carrier and MC DS-CDMA systems for the Rayleigh fading , Rician fading , and near-AWGN channels. As expected, the overall miss probability of single-carrier DS-CDMA and that of MC DS-CDMA using both the EGC [ Fig. 8(a) ] and SC [ Fig. 8(b) ] schemes increases, when the number of active users increases.
Again, as shown in Fig. 3 for MC DS-CDMA using the EGC scheme, which is characterized in Fig. 8(a) , the overall miss probability decreases significantly upon increasing the number of subcarrier signals combined. However, for MC DS-CDMA using the SC scheme, which is characterized in Fig. 8(b) , the improvement due to increasing is much less significant, than that for the EGC scheme.
VII. CONCLUSION
In summary, in this contribution the code acquisition performance of single-carrier and MC DS-CDMA systems has been investigated and compared with various Nakagami-fading channels under the hypothesis of multiple synchronous states ( cells) in the uncertainty region of the PN code. The acquisition performance of the MC DS-CDMA system was evaluated, when the correlator outputs of the subcarriers associated with the same phase of the local PN code replica were noncoherently combined using both EGC and SC schemes. We have studied the effects of the threshold, the SNR per chip, that of the fading parameter , the number of subcarriers, the average power decay rate as well as that of the multiuser interference on the code acquisition performance of single-carrier DS-CDMA and that of MC DS-CDMA systems associated with EGC and SC. From the results we conclude that, if the detection threshold is set inappropriately, the code acquisition performance might be degraded significantly, as the channel quality quantified in terms of becomes better. In Nakagami-fading channels, the code acquisition performance of a MC DS-CDMA system using EGC improves significantly, as the number of subcarrier signals combined increases. By contrast, the code acquisition performance of the equivalent MC DS-CDMA system using SC improves only insignificantly and becomes similar to that of the corresponding single-carrier DS-CDMA system, when increasing the number of subcarriers. Furthermore, the code acquisition performance of a MC DS-CDMA system using EGC is better than that of a MC DS-CDMA system using SC. It was found that the code acquisition performance of a MC DS-CDMA system using EGC becomes more robust to the detection threshold, as the number of subcarriers increases.
